The present status of feedback systems to counteract unwanted beam motion and coupled-bunch beam instabilities in the BESSY I1 storage ring is reviewed.
INTRODUCTION
BESSY I1 [ 11 is a high-brillance synchrotron radiation source in Berlin/Adlershof. The first beam was stored in April 1998, regular user shifts started in January 1999.
Several effects tend to reduce the brillance of the synchrotron radiation delivered to the users: 0 Unwanted motion of the closed orbit e.g. from ground vibration or from power supply ripple may increase the effective beam emittance seen by the experimenter.
0 Longitudinal coupled-bunch oscillations caused by higher-order modes (HOMs) of the rf cavities may limit the beam current, deteriorate undulator spectra, and increase the beam size in dispersive regions. 0 Transverse coupled-bunch instabilities from HOMs and due to the resistive-wall effect may also limit the beam current and increase the effective emittance. Plans to counteract these effects by feedback systems are reviewed in this paper. For each project, the layout of the system and its expected performance are described, and the present status is reported.
LOCAL ORBIT FEEDBACK SYSTEM
Slow orbit drifts (< 1 Hz) can be handled by the global orbit correction system of the storage ring using corrector coils integrated in the sextupole and dipole magnets. To counteract orbit motion in the 1-100 Hz regime on the 1 pm level, the rate of sampling and correcting the beam should be of the order of 1 kHz, and dedicated computer hardware and magnets are required. As a prototype, a local feedback system with a closed bump enclosing an undulator (U-49) will be installed and tested in summer 1999. For a review of local and global correction schemes see e.g. [2] .
As outlined previously In addition to the electron beam position, the information from photon BPMs is available. By rejecting photoelectrons below a tunable threshold, the background radiation from the adjacent dipoles can be suppressed [SI.
The hardware (vacuum chamber, magnets, power supplies) has been delivered and awaits installation in the next suitable shutdown period. Software development is underway. Tests performed using Motorola MVME-162 CPUs under VxWorks were satisfactory. However, to allow for more flexibility, the use of VME-based DSPs is considered, while a VME master CPU would establish the communication with the BESSY I1 control system. 
LONGITUDINAL BUNCH-BY-BUNCH FEEDBACK SYSTEM
The BESSY I1 storage ring is operated using four DORIStype pillbox cavities with a rich HOM spectrum. Damping antennas have been added to suppress the most prominent HOMs [ 6 ] , and tuning the HOM positions by controlling the cavity temperature is in preparation. Furthermore, the design of Landau cavities to further suppress coupledbunch instabilities and to increase the bunch length is underway. In addition to these measures, a longitudinal feedback system (LFB) will be installed in summer 1999. The LFB electronics developed for the ALS (Berkeley), PEP-I1 (Stanford) and DA9NE (Frascati) [7, 81 will be used in combination with a kicker cavity designed for DA9NE [9] and modified for a bunch frequency of 500 MHz [lo] . For details on the kicker cavity see [l 13. Figure 2 shows the LFB schematically. The bunch signal from a pickup passes a comb filter to produce a 3 GHz signal for phase detection. The moment signal (phase.charge) is digitized at a rate of 500 MHz, downsampled and distributed to an array of DPSs, where a correction signal is computed. The D/A-converted correction signal QPSKmodulates a carrier at 1374 MHz (1 114 times the rf fre- If necessary, the damping rate can be improved by adding rf power, by using more kickers, or -subject to operational experience -by increasing the gain. The LFB electronics is currently being tested at SLAC, Stanford. The kicker cavity as well as the amplifier and other commercially available components have been delivered.
TRANSVERSE BUNCH-BY-BUNCH FEEDBACK SYSTEM
Apart from the transverse impedance of HOMs, the resistive-wall impedance can be quite significant for a synchrotron light source with narrow undulator chambers. For electrodes. Alternatively, the full power could be applied to a single electrode. The kicker geometry and performance is described in [ 1 13.
The damping rate of the TFB can be written as where /31 and ,& are the beta functions at the pickup and at the kicker position, respectively, and G = AU/Ay is the feedback gain i.e. the kick voltage per unit displacement. With a 150 W amplifier connected to each pair of electrodes and assuming 50% power loss, the vertical damping rate is shown in figure 5 at both ends of the relevant frequency range. In this example, the amplifier saturates at Ay = 1 mm, leading to a maximum vertical damping rate of 5300 s-l at low frequency, dropping to 3500 s-l at 250 MHz. Due to the smaller shunt impedance in the horizontal plane (where the resistive-wall effect is irrelevant), the horizontal damping rates are -0.7 times smaller.
The design of the kicker has been finalized, and its installation is scheduled for fall 1999. Power amplifiers have been purchased. The two receivers have been completed, the mixing chassis and the digital interface to the control system are underway. 
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